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I, SECRETARY OF STATE FOR DEFENCE, London, do hereby declare the,
invention, for which I pray that a patent may be granted to me,. and the
method by which it is to be performed,: to be particularly described in and
by the. following statement:- The present. invention is concerned with opt
henol5 display liquid crystal phases, and with electro-optical display
devices containing them either on their own or in admixture with other
compounds. Liquid crystal  phases are  exhibited by certain organic
compounds and constitute an intermediate state which exists between the
crystalline solid and. the 10     fully disordered liquid phase and within
which certain long range ordering of the  10 molecules takes place. There
are two broad types of liquid crystal phase; the smectic mesophase in which
the long .range ordering is of a substantially lamellar type and the
nematic mesophase in which the ordering is substantially linear, i.e. the
molecules tend to 15     line up with the long axes of the molecules
parallel. Included sometimes as a sub-  15 class of the nematic mesophase
and sometimes classified as a separate mesophase is the cholesteric
mesophase. This last has a helical long range order imposed upon the linear
order of the nematic mesophase. Compounds displaying a cholesteric
mesophase are optically active (chiral) and  the pitch of the helical
twist is 20     determined by the nature and extent of the optical
activity.                 20 Optically. active liquid crystal materials, or
mixtures, find use in electro-optical devices of the cholesteric-to-nematic
phase change kind, or in applications where the colour of the cholesteric
mixture can change either with temperature (thermochromic applications-e.g.
surface thermography, temperature detection) 25     or with the presence of
an impurity (applications to detect unwanted particles,  25 liquids or
vapours, e.g. atmospheric pollutants). In accordance with the present
invention a liquid crystal compound is an ester having the formula:-
(+)-CH3.CH.CH(CH)ICH2-        H  O.OC-X 



[err] 30      Where X is selected from the following groups:-
30    2                                     1,603,076
2 OR    R   and where R is a normal or branched chain alkyl group, which
may be chiral, preferably having less than fifteen carbon atoms, and where
Y is a halogen (preferably- chlorine)  or a methyl group, or a hydrogen
atom. 5          ForexampleXmaybe
5 where R' is n-alkyl. These compounds exhibit, either on their own or as
mixtures with other compatible materials, a cholesteric phase (hereinafter
designated Ch) because of 10     their molecular shape and optical
activity. The molecules are arranged in a helical  10 formation such that
when a film of the phase is in the Grand jean plane texture (one of the
textures possible in the cholesteric phase) the film rotates the plane of
polarisation of incident plane polarised light, and reflects elliptically
polarised light of specific wavelengths when illuminated by ordinary light;
such cholesteric 15     mesophases are thermochromic if the light reflected
is in the visible range and the'  15 pitch is sensitive to temperature
change The compounds of the present invention have properties such that
they. may be used in a liquid crystal electro-optic device such as a 'phase
change' device in which the material is changed between a so-called
'focal-conic' cholesteric state, 20      which scatters light, and a
transparent nematic state, by an applied electric field. In  20 accordance
with one aspect of the present invention, an electro-optic device includes
as its liquid crystalline material a compound as hereinbefore defined, but
it will of course be realised that there may be present a mixture
(solution) of compounds as hereinbefore defined and also that other
compounds possibly 25      exhibiting liquid crystalline behaviour may be
included. Preferably when a mixture  25 of compounds is used that mixture
is a eutectic. The optical effect of the electro- optical device may be
enhanced by the inclusion of pleochroic dyes. Suitable pleochroic dyes for
this purpose are  described in copending UK  patent applications numbered
25843/75 (UK Patent Ser. No. 1,555,954) and 25859/75 (UK 30      Patent
Ser. No. 1,555,955).                                                 30 The
cholesteric phases of the materials of the present invention, or their
mixtures with one another or with other suitable materials, may exhibit
thermochromism. It is believed that this occurs because the helical pitch
lengths of the molecular formations are such as to give strongly
temperature dependent Bragg 35     reflection of particular wavelengths of
light in the visible spectral region. That is  35 the materials appear
coloured with a colour which varies with the temperature of the material.
The materials of the present invention may thus be used in surface
thermography, e.g. for the detection of breast cancer, and in accordance
with a further aspect of the present invention a temperature display device
includes as its 40     temperature sensitive material a liquid crystal
material as defined above or a  40 mixture of such material with a
compatible material. The present invention will now 'be described by way of
example only with reference to the following examples which illustrate
typical synthetic routes for the 



preparation of materials in accordacne with the present invention, and
which 45      describe the physical properties of typical liquid crystal
materials in accordance  45 with the present invention. In the examples the
following symbols have the meaning assigned to them below:- (+): which
refers to an optically active material whose isotropic solutions have 50
a positive optical rotation angle.                                   50
(-): which refers to an optically active material whose isotropic solutions
have a negative optical rotation angle. [aID20: which is an absolute
measure of the rotary power (specific rotation) of an optically active
material when forming a 10% w/v solution in 55             chloroform at
200C.                                                  55    3
1',603,076                                 3 and phases are indicated as
below C-Crystal SA-Smectic. A S-Smectic B 5.     Se-Smectic C
5 Ch-Cholesteric N-Nematic I-Isotropic liquid (0 -Brackets around a
temperature indicate a monotropic transition, which is 10            not
observable during a heating cycle, but may be observed on cooling.  10
Phase changes are indicated thus:- C-SA-Crystal to Smectic A, for example.
Temperatures are given in  C. The optically active compounds described
below have a positive optical rotation angle denoted by the symbol (+).
Analogous compounds with negative 15     optical rotation angles (-) or
racemic compounds () may be prepared by   15 analogous routes using the
appropriate negative or racemic reactants in the preparation routes; Esters
embodying the present invention may be prepared by a conventional
esterification as described in Example 6 below. Examples I to 5 describe
the 20     production of intermediates which may be used in the
esterification.   -  20 EXAMPLE I The production of
(+)-4-(2'-methylbutylphenol by the following route:. CH30-+-Br step Al,
CH30-'6-MBr [err] SStep B (+)CH3.HH (2tH3).CH2-C5 0H
St1I)H(Cj.CH(ClJCHJ0CH3 [err] Step Al: The production of
4-methoxyphenyl-l-magnesium bromide 25         Under anhydrous conditions,
4-bromoanisole (0.49 mole) in sodium dry ether  25 (250 ml) is added to
magnesium turnings (0.5 g atom) covered with sodium dry ether (100 ml). A
small volume (30 ml) of the solution is added to the magnesium and a single
crystal of iodine is used to initiate the reaction. Once the reaction has
begun, the remaining solution of 4-bromoanisole is added in drops so as to
maintain 30     the reaction at a steady rate. When the addition is
complete the reaction mixture is    30 



heated under reflux and stirred for one hour. Step B 1: The production of
(+)-4-(2'-methylbutyl)- 1-methoxybenzene. The solution of Grignard reagent
from 4-bromoanisole is cooled in an ice bath and a solution of iron (III)
chloride (0.05 mole) in ether (5 ml) is added 35     dropwise, followed
immediately by a solution of (+)-2-methylbutyl bromide (0.49  35 mole) in
sodium dry ether (100 ml). The mixture is then left to stir at room
temperature for 24 hr and finally heated under reflux for 12 hr. On
cooling, the mixture is poured into a 10% hydrochloric acid solution (1500
0 ml) at 00C and stirred for 1 hr. The product is extracted into ether
(3x200 ml) and 40     the combined ether extracts are washed with water
(3x200 ml) and dried (Na2SO).  40 The ether is evaporated off and the oily
residue distilled, collecting the fraction boiling between 2050-2120C at
400 mm Hg. (+)-2'-methylbutyl bromide is prepared as follows: To a stirred
solution of commercially available (-)-2-methylbutanol (0.34 45     mole)
in dry 'Analar' Registered Trade Mark) pyridine (0.12 mole) is added in
drops phosphorus tribromide (0.136 mole). The temperature during the
addition is maintained below 150C by cooling the mixture in an ice bath.
The white emulsion which forms is stirred at room temperature for 2 hours.
After this time the crude bromide is distilled from the emulsion under
reduced pressure (300 mm Hg) until 50    the mixture turns orange and
'seeths'.    4                                    -1,603,076
4 The crude distillate is taken up in petroleum ether (b.p. 40/600C; 100
ml) and is washed with: (a) 5% sodium hydroxide solution (3X50 ml); (b)
water (3x5O ml); 5         (c) 10% sulphuric acid (2x50 ml); (d)
concentrated sulphuric acid (100 ml); (e) water (2x 100 ml). The solution
is dried over anhydrous sodium sulphate and the solvent is then evaporated
off. The residue is distilled and the fraction boiling at 121 C collected
10     (96 5% pure by g.l.c.). The product has [a1  3.9.
10 Step Cl: The production  of (+) 4-(2'-methylbutyl)phenol. (+)
4-(2'-methylbutyl)- l-methoxybenzene '(0.12  mole) constant boiling
hydrogen bromide in water (96 mI) and 45% w/v hydrogen bromide in acetic
acid (140 ml) are heated under reflux for 6 hr. On cooling, the mixture  is
poured into water (1000 ml) and stirred for 0.5 hr.    15 The product is
extracted into ether and' the combined extracts washed with and dried
(Na2SO4). The ether is rotary evaporated off and the residue distilled
at-0.1 mm Hg at an oil bath temperature of 1600C and is found to be 99.2%
pure by g.l.c. Preparation and Availability of 4-alkyl and
4-alkyloxybiplenyl-4'carboxylic acids, 20                          both
straight chain and branched                      20 4-n-alkyl and
4-n-alkyloxybiphenyl-4'-carboxylic acids are prepared by hydrolysis of the
corresponding cyano compounds, which are commercially available, and of
which the preparations have been described, for example, in UK Patent
Specification 1,433,130. 



25         The preparation of 4-n-octylbiphenyl-4'carboxylic acid is given
in Example.2  25 by way of example. EXAMPLE 2 C8                        N
-C  H                     COO 4-n-Octyl-4'-cyanobiphenyl (0.015 mole) is
dissolved in methanol (50 ml) and 30     the solution added to a mixture of
potassium hydroxide (0.54 mole) and sodium  30 hydroxide (0.75 mole) in
methanol (40 ml) and water (20 ml). The mixture is heated under reflux
until the evolution of ammonia ceases. Then the mixture is diluted with
water (100 ml) and acidified with concentrated hydrochloric acid. The
acidified mixture is heated to 80C for 2 hr. cooled, and the acid product
is filtered 35      off and crystallised twice from ethanol.
35 The product has the following constants: C-S., 150C; Se N, 238.50C; N- ,
242.6C (+)-4-Branched-alkyl- and -alkyloxy-biphenyl-4-carboxylic acids can
be prepared by the same. route of hydrolysing the corresponding
cyano-compounds. 40      Alternatively the
(+)-4-branched-alkyloxybiphenyl-41-carboxylic acid can be  40 obtained from
the corresponding (+)-4-branched-alkyloxybiphenyl by a Fridel- Crafts
acylation to introduce a -CO.CH3 group into the 4 -position in the biphenyl
ring followed by its oxidation to a carboxylic acid group. 45
Preparation and Availability of the required 4-substituted benzoic acids
4-Alkylbenzoic acids are either commercially available or may be prepared
by  45 standard synthetic methods, such as the acetylation of commercially
available alkylbenzenes (Friedel-Crafts. Acetylation) followed by
hypobromite oxidation of the 4-alkylacetophenone to the corresponding  acid
as described by Gray and Brynmor Jones, J. Chem Soc., 1954, 678. 50
4-Alkyloxybenzoic acids may be readily prepared. One way of preparing these
50 materials is by the standard method of alkylating hydroxy aromatic
carboxylic acids described by Gray and Brynmor Jones, J Chem' Soc. 1954
678; in this case the starting material is 4-hydroxybenzoic acid.
Substituted 4-alkyloxybenzoic acid may be prepared by standard synthetic 55
routes.
55 2-Chloro-4-alkyloxybenzoic acids may be prepared by the following route:
5                                  1,603,076.
5 COOH                COOH OH                  OR using the standard method
described by Gray and Brynmor Jones J Chem Soc. 1954, 678 and using
commercially available 2-chloro-4-hydroxybenzoic acid as starting material.
5        2-Methyl-4-alkyloxybenzoic acid as starting material.
5 2-Methyl-4-alkyloxybenzoic acids may be prepared by the following route
as set out in Example 3 below: OH                        O[err] Step A3
Step B3 OR                       OH 



CH3 COCH3                    CO. H3 Step D3 OR [err] COOH EXAMPLE 3 10.
Step A3: 3-methylphenyl acetate may be prepared by the standard acetylation
of m- cresol as described in "Practical Organic Chemistry" by Al Vogel,
Longmans Green and Co London, 3rd edition, p 699. The product boils at 210
C. Step B3: 15         4-hydroxy-2-methylacetophenone may be produced by
the standard Fries   15 Rearrangement of aryl alkanoates described in
'Organic Reactions', Vol 1 (Editor in Chief: R Adams), John Wiley & Sons
Inc., NY, P  354. The product has mp 1300C. Step C3: 20
4-alkyloxy-2-methylacetophenones may be produced by the well known      20
method of heating a solution of the 4-hydroxy-2-methylacetophenone (I mole)
and the alkyl bromide (1.2 mole) in cyclohexanone,  together with solid,
anhydrous potassium carbonate (4-5 moles). The mixture is heated and
stirred for 4-5 hr. It is then filtered to remove inorganic material, which
is washed with a solvent such as 25      ether. The combined filtrate and
ethereal washings are distilled to remove the  25    6
1,603,076                                   6 solvents. The residue is then
distilled under reduced pressure to yield the pure 4-
alkyloxy-2-methylacetophenone. Step D3: 2-methyl-4-alkyloxybenzoic acids
may be produced by the standard method of 5      oxidation of the acetyl
group using sodium hypobromite solution as described by  5 Gray & Brynmor
Jones (J Chem Soc, 1954, 678). After treatment of the methyl ketone with an
alkaline solution of sodium hypobromite at 35-40 C, the aromatic acid is
obtained by acidification and filtration. The products are purified by
crystallisation from ethanol. 10                                   EXAMPLE
4 This  example  describes  the  preparation  trans 4 alkylcyclohexane-l-
10 carboxylic acids by the following route: Step AL_  R ag  Step 64
RBJ-.(H3 Step C4 Step 04 where R is an alkyl group-normal, branched or
branched and chiral. 15         Certain  alkylbenzenes, particularly
n-alkylbenzenes, are commercially  15 available; otherwise they must be
prepared from bromobenzene by step A4. The preparation of (+)-trans-4-(2
-methylbutyl)cyclohexane-l-carboxylic acid from bromobenzene by way of
(+)-2-methylbutylbenzene will now be described by way of example. 



20     Step A4: The production of (+)-2-methylbutylbenzene
20 A solution of bromobenzene (0.51 mole) in sodium dried diethyl ether
(200 ml) is added in drops to magnesium turnings (0.51 g atom) in sodium
dried ether (50 ml). A single crystal of iodine is added to initiate the
reaction, which is kept going by the addition of the bromobenzene. When
addition is complete the solution is 25     heated under reflux for I hr.
25 The solution of the Grignard reagent is then cooled in an ice bath and
iron(111) chloride (0.0025 mole) in ether (2 ml) is added. A solution of
(+)-2-methylbutyl bromide (0.54 mole) in sodium dried ether (100 ml) is
then added over 30 min. The mixture is left to stir for 48 hrs at 25 C. The
mixture is then poured into a 20% 30     solution of hydrochloric acid in
water, cooled to 0 C and stirred for 30 min. The  30 product is extracted
into ether and the extracts washed with water and dried (Na2SO4). The ether
is evaporated off and the oily residue distilled. The fraction of
(+)-2-methylbutylbenzene boiling at 1200C is collected at a pressure of 15
mm of mercury. 35      Step B4: The production of
(+)-4-(2'-methylbutyl)acetophenone              35 Crushed, anhydrous
aluminium trichloride (0.295 mole) is suspended in dry carbon disulphide
(80 ml). Acetyl chloride (0.25 mole) and (+)-2-methylbutyl- benzene (0.23
mole), prepared in Step A4, are dissolved in dry carbon disulphide (80 ml)
and added to the suspension of aluminium trichloride under anhydrous. 40
conditions. The mixture is then left to stir overnight. The solvent is
distilled from  40 the reaction mixture and the viscous residue poured onto
crushed ice and stirred for 30 min. The product is extracted into ether,
washed with  water and dried (Na2SO4). The ether is removed by rotary
evaporation and the oily residue distilled. The product boils at 951C at a
pressure of 0.1 mm of mercury. 45      Step C4: The production of
(+)-4-(2'-methylbutyl)benzoic acid              45 A solution of sodium
hypobromite prepared by dissolving bromine (156g) inma solution of sodium
hydroxide (3.5 mole) in water (700 ml) at  0C is added to a well stirred
solution of (+)-4-(2'-methylbutyl) acetophenone (0.2 mole), mole), prepared
in Step B4, in dioxan (500 ml). Throughout the addition, and for 15 minutes
after 50     the addition, the temperature is maintained at 35-40 C. The
excess of sodium  50    7     1,603,076
7 hypobromite is destroyed by adding a solution of sodium metabisulphite.
Water (3.5 L) is added and bromoform is distilled from the reaction
mixture. On cooling, the solution is acidified with concentrated
hydrochloric acid and the precipitated product is filtered off and washed
with water. The product is crystallised from .5      ethanol/water. The
m.p. of the colourless crystals is 130 C.                     5 Step D4:
The production of (+)-trans-4-(2'-methylbutyl)cyclohexane- I -carboxylic
acid A  solution of (+)-4-(2 -methylbutyl)benzoic acid (0.2 mole) in sodium
hydroxide (0.205 mole) dissolved in water (160 ml) is hydrogenated in the
presence 10      of Raney nickel catalyst (lOg) in an autoclave (1 1) at
195 C and a pressure of  10 hydrogen of 170 atm for 30 hrs. On cooling, the
catalyst is filtered off and the filtrate washed with ether. The aqueous
layer is separated and acidified. The precipitated acids are extracted into
ether and the ether extracts are washed with 



water and then dried (Na2SO4). The ether is distilled off and the acids are
dissolved 15     in methanol (200 ml). The solution is treated successively
with 40g and 30g of   15 thiourea. After such treatment with thiourea the
crystalline material formed is filtered off. The combined crystallisates
are dissolved in a 5% solution (800 ml) of potassium hydroxide in water.
This solution is acidified and the (+)-trans-4-(2'-
methylbutyl)cyclohexane- I-carboxylic acid which precipitates out is
extracted into 20      ether. The ether extract is washed with water and
dried (NaSO4). The ether is   20 evaporated off and the product is
crystallised from acetone; the m.p. is 50.30C. Other members of this class
of carboxylic acid can be prepared by analogous methods, which will be
immediately apparent to those skilled in .the art. EXAMPLE 5 25
Preparation of (+)-4-(2 -methylbutyl)phenyl 2-chloro-4-hydroxybenzoate.
This  25 esterfication may be carried out by the method described by
Lowrance (Tet. Lett. 1971, 3453). The reactants (2-chloro-4-hydroxybenzoic
acid and (+)4-(2'- methylbutyl)phenol in equimolar amounts) are dissolved
in toluene and heated in a Dean and Stark apparatus together with catalytic
amounts of sulphuric acid and 30     boric acid. After  crystallisation
from ethanol/water, the product has the m.p.  30 142 C. Esters embodying
the present invention are prepared by the route:- X-CO0H  SteD A6 Step B6
Step B+)-CH C CH3CHzCH (CH3) CH      OC-X 35      where X has the meanings
specified hereinbefore and Example 6 is a typical      35 esterification
yielding a compound of the present invention. EXAMPLE 6 Preparation of
(+)-4-(2'-methylbutyl)phenyl 4-(2-methylbutyl)biphenyl-4'- carboxylate. 40
Step A640 (+)4-(2"-methylbutyl)biphenyl-4'-carboxylic acid (0.002 mole),
prepared as mentioned earlier, is heated with thionyl chloride (20 ml)
under anhydrous conditions for 1.5 hr. The excess of thionyl chloride is
removed by distillation under reduced pressure. The acid chloride residue
is used in the next step without further 45      purification. 45 Step B6:
(+)-4-(2"-methylbutyl)biphenyl-4'-carboxylic  acid  chloride  (0.002  mole)
prepared in Step A6, is dissolved in dry pyridine (10 ml) and cooled in an
ice bath. (+)-4-(2'-methylbutyl)phenyl (0.002 mole) is added to the stirred
solution and the 50      mixture is left for 18 hr to rise to room
temperature. It is then heated at 100C for 1  50 hr. The pyridine is
removed by rotary evaporation and the residue is purified by column
chromatography using a silica gel column eluted with chloroform. The
combined fractions of ester are crystallised from hexane or ethanol.    8
1,603,076                                  8 Using the general method
disclosed in Example 6 above various esters were prepared and their
physical properties are given in the Tables 1 to 9 below in which 



R. represents (+)-CH CH2.CH(CH3).CH2- Where the property "pitch" is quoted
in the tables below it has been 5      determined by standard
spectrophotometric procedures either on the pure sample  5  % or in
admixture with Mixture A, the composition of which is quoted below. Mixture
A Composition Components                 (wt %) 10
4-n-C5H,,-4"-cyanobiphenyl                           43             10
4-n-C H70-4'-cyanobiphenyl                           17
4-n-C5H,,04'-cyanobiphenyl                         13 4-n-CH1,0-4
-cyanobiphenyl                          17 4-n-CH,1-4f-cyano-p-terphenyl
10 15          Where the test was carried out on a mixture the relative
proportions are given  15 in the relevant table. TABLE 1 R            0.OC
R R          C-S   SH.SF  SrSC    SI/SC-SA    SA-Ch     Ch-I.   Pitch 20
(IC)   (OC)   (C)   (C)           (C)m)                        20 n-C H11
66.0    -     -         77.3      133.9    156      0.23 n-C6H13      81.0
-      -       (71.0)     132.6    146.2   0.23 n-C7H15      74.6  -
75.0     138.4    144.6    0.23 nC-CgH7      55     65.8.  71.2      84.2
136.2    141.3   0.23 25                                      TABLE 2
25 0. 0 C          OOR R            C-SF     SFSc     SC-SA    SA-Ch
SA/ch-I    Pitch -          (0C)     (IC)      (OC)     (OC)    (CC)
(Jm) n-Cg-H17       78.0      -       128.2    171.0    174.2    0.23 30
n-C H19        72.0     77.6      132.0    168.0   :170.0    0.23
30 n-C12H25       76.7     77.2     132.0      -       161.2    0.23 TABLE
3 Rc          0 PC           OR R           CSA/I   SA-Ch      Ch-1
Pitch 35                       (C)    (0C)       (CI      Csum)
35 n-C6H13        38.0      -       (36.7)    0.23 n-C7H15        45.5
-       (36.3).   0.23 n-C,,H7        47.5      -       (42.0)    0.23
n-C9H,9        49.5    (37.2)   (42.7)    0.23 40.       n-C OH21
41.8      42.2   45.3       0.23 TABLE 4 ROO.OC                    OR R
C-I     Ch-I*    Pitch (OC)     (0C)     (am) 45        n-CH,        5-6
(-1)      0.23                                     45 * Virtual Ch-I
temperature    9                                     1,603,076
9 



TABLES Rc          O.OC           R R          C-I     Ch-I   Pitch* (CC)
(0C)    (Wim) 5        C2H            2.0    (-33)      2.0
5 n-C3H7         24.0      (1)      2.0 n-C4H9         22.0    (-14)
2.0 n-CH11        17.0      (7)      2.0 * Virtual Ch-I temperature **
Measured using a 12 wt % solution in Mixture A                    10 The
remaining tables all relate to compounds having chiral groups at both ends
of the molecule. TABLE6 R         0.0-C               K H 2),In  C  CH3)
.CH2 CH3 15     where n=l, the compound is an oil-virtual CH-I, -53 C..
15 The pitch of an 8 wt % solution in Mixture A is 1.1 pm. TABLE 7 O. OOC
--gH2W CH2)1CHq-CHC n         C-Ch     SC-SA    SACh      Ch-I  . Pitch* 20
(OC)     (0C)     (0C)      (.0C)    (m)    20 103
1:15 5     1.9                 20 3       83.4    (74.3)    (81).    113.5.
3.0 * The pitch is measured using a 5% by weight concentration in Mixture
A. 25                                     TABLE 8
25 Rc-eg     0. 0       0C    O.OC-            lCH2),ifH.(CH3).CH2CH3 n
C-Ch     Ch-I    Pitch (6C   ( IC)    (PM 60      71.5     0.10 30
TABLE 9                                       30 R           O
OW  CK(CH3)CH2.CH3 n        C-SA     SCSA    SA-Ch    Ch-I    Pitch (0C)
(OC)     (OC)      (0C)     (pm) 1         87.8    (85.3)    123.4    144.5
4.6 35              * Pitch measured for a 10% by weight solution in
Mixture A           35 It should be noted at this point that where
chirality in a molecule results from an optically active alkyl or alkyoxy
group which has its point of asymmetry at an. odd number of atoms from the
ring system and the absolute configuration at the asymmetric centre is S,
then the cholesteric helix is laevo. Conversely, when the 40
asymmetric centre (S) is at an even number of atoms from the ring system
then the  40 cholesterics are dextro in type.    10
1,603,076                                   10 Thus when a molecule
contains two chiral centres which promote cholesteric helices of the same
type as defined above, then the pitch length of the resulting material is
less than that of the analogous material with one chiral centre. 



Conversely if the two chiral centres promote cholesteric helices of
opposite types 5     as described above, then the material will have a
greater pitch length than the  5 analogous material with only one chiral
centre The pure materials detailed in Tables I to 9 above are of particular
interest when used as mixtures (solutions) with one another or with other
compatible liquid crystal forming materials, advantageously the 4-n-alkyl
and 4-n-alkyloxy-4'- 10    cyanobiphenyls and related derivatives of
p-terphenyl.                     10 Phase Change Mixtures The following
mixtures are examples of phase-change cholesterics. In these mixtures R
represents (+)-2-methylbutyl. MIXTURE 1 15
Composition       15 Components                           % by weight
Mixture A (see above)                                    88 Rc     OC
CH2.CH(LH3).Cl2LH3               12 Pitch=0.7  m; Ch-I 570C 20
MIXTURE 2 Composition Components                           % by weight
Mixture A                                                92 R  o [err].
0C-~5~--cH2.CH (CH3).CH2.CH3                         8 25     Pitch=l.1 pm;
Ch-I 620C                                                     25 MIXTURE 3
Composition Components                           % by weight Mixture A
91 30     Rc      [err].-OCC                          3)CH .C HC2CH .2CH3
5             30 C' 0 (                CH2.CH(CH3).CH2.CH3              4
Pitch=1.0 m; Ch-I 67.40C Thermochromic Mixture The following mixtures are
examples of possible thermochromic compositions 35     incorporating the
afore-mentioned esters.                                   35    11
.       1,603,076                                       II MIXTURE 4
Composition Components                     % by weight t-C8  12 .  Cc
1SC, 21[err] A             xCh-, 44.80C Rc.Ct    C H    [err]
26 3 5                         Selective Reflection
Temp (IC)            5 Red                                         26
Yellow                                      31 Green
33 



10               Turquoise
41 10                              Blue
43             10 MIXTURE 5 Composition Components                    % by
weight S -Ch, 24.50C 0  C- -Ot 8H17                 1 8  Ch-I, 390C 23 15
Selective Reflection                         TemP                15 Red
24.5 Yellow                                     24.6 Green
24.7 Turquoise                                  24.9 20
Blue                                        25.2            20    12
1,603076                                   12 MIXTURE 6 Composition
Components                 % by weight 45 8  17C
4 21  SA-Ch, 18.5cC RC         O-CCO                                 14
Ch-I, 43.00C .                                       20 Selective
Reflection                     Temp (OC)          5 Red
23.5 Yellow                                  25.5 Green
26.6 Turquoise                               33.0 10
Blue                                    35.0           10 Although none of
the above disclosed mixtures is believed to be an eutectic, no separation
of any component has been overserved over several months. WHAT I CLAIM IS:-
1. A liquid crystal compound which is an  ester having the formula 15
(+)-CH3.CH2.CH(CH  cH  -5 . o.Oc-x [ERR]                      15 where X is
one of the following OR R  and           O.OC where R is a normal or
branched chain alkyl group, which may be chiral, having 20     less than
fifteen carbon atoms, and where Y is a halogen or a methyl group, or a  20
hydrogen atom. 2. A liquid crystal material which is a compound as claimed
in claim I or a mixture thereof with other compatible materials and which
exhibits a cholesteric phase. 25          3. A liquid crystal material as
claimed in claim 2 and which is an eutectic  25 mixture. 



4. A liquid crystal material as claimed in claim 2 or claim 3 and wherein
the molecules are arranged in a helical formation such that a film of the
phase in the Grandjean plane texture .rotates the plane of polarisation of
incident pOlarised 30     light, and reflects elliptically polarised light
of specific wavelengths when  30 illuminated by ordinary light.    12
1,603076                                   12 MIXTURE 6 Composition
Components                 % by weight t-C8                         N
45 [ N                       2 1 SA-Ch, 18.50C Ch-1, 43.0C RcO_.[OORc
14 20 Selective Reflection                     Temp (0C)          5 Red
23.5 Yellow                                  25.5 Green
26.6 Turquoise                               33.0 10
Blue                                     35.0          10 Although none of
the above disclosed mixtures is believed to be an eutectic, no separation
of any component has been overserved over several months. WHAT I CLAIM IS:-
1. A liquid crystal compound which is an ester having the formula 15
l(+)-CIH3.tH2CH(CH 3).CH2          O .OC-X      -5 where X is one of the
following {-ORX R   and            0.0  C{OR where R is a normal or
branched chain alkyl group, which may be chiral, having 20     less than
fifteen carbon atoms, and where Y is a halogen or a methyl group, or a  20
hydrogen atom. 2. A liquid crystal material which is a compound as claimed
in claim I or a mixture thereof with other compatible materials and which
exhibits a cholesteric phase. 25         3. A liquid crystal material as
claimed in claim 2 and which is an eutectic  25 mixture. 4. A liquid
crystal material as claimed in claim 2 or claim 3 and wherein the molecules
are arranged in a helical formation such that a film of the phase in the
Grandjean plane texture rotates the plane of polarisation of incident
polarised 30     light, and reflects elliptically polarised light of
specific wavelengths when  30 illuminated by ordinary light.    



13                                       1,603,076
13 5. A liquid crystal material as claimed in any one preceding claim and
which includes one or more of 4-n-alkyl- or 4-n-alkoxy-4'-cyanobiphenyls,
and related p- terphenyl derivatives. 6. An electro-optic display device of
the phase-change type which includes as .5      its liquid crystal material
a compound or mixture (solution) of compounds as        5 claimed in any
one preceding claim. 7. An electro-optic device as claimed in claim 6 and
which includes a pleochroic dye in its liquid crystal material. 8. A
temperature display device which includes as its temperature sensitive 10
material a liquid crystal material as claimed in claim 2 or 3 or claim 5
and wherein  10 the helical formation is of a pitch that is temperature
dependent so that the elliptically polarised light of specific wavelength
reflected when illuminated by ordinary light is characteristic of the
temperature of the liquid crystal material. 9. A liquid crystal compound as
claimed in claim I substantially as 15      hereinbefore described and with
particular reference to any one of the compounds   15 described in any one
of Tables, 1, 2 or 4 to 9 given herembefore. 10. An electro-optic display
device of the phase change type which includes as its liquid crystal
material a liquid crystal compound as claimed in claim I or mixture thereof
substantially as hereinbefore described and with particular 20
reference to Mixtures 1 to 3 inclusive defined hereinbefore.
20 I1. A thermochromic mixture which includes a mixture of liquid crystal
compounds as claimed in claim 1 substantially as hereinbefore described and
with particular reference to Mixtures 4 to 6 inclusive defined
hereinbefore. 12. A temperature display device having as its temperature
sensitive material a 25      thermochromic mixture as claimed in claim 11.
25 13. A compound as claimed in claim 1 and wherein X is where R' is
n-alkyl. 14. A compound as claimed in claim 13 and wherein R' is n-C H13.
30          15. A compound as claimed in claim 13 and wherein R' is
n-C,H,5.               30 -    16. A compound as claimed in claim 13 and
wherein R' is n-C8H17. 17. A compound as claimed in claim 13 and wherein R'
is n-CH19. 18. A compound as claimed in claim 13 and wherein R' is
n-C10H2,. D. J. McCORMACK, Agent for the Applicant. Printed for Her
Majesty's Stationery Office, by the Courier Press, Leamington Spa, 1981
Published by The Patent Office, 25 Southampton Buildings, London, WC2A lAY,
from which copies may be obtained.    


